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ABSTRACT. Many tallgrass prairie restorations fail to match the level of biodiversity found in
undisturbed prairie remnants. Restorations often become excessively dominated by warm-season
grasses at the expense of forbs due to the lack of historical disturbance regimes. Interseeding new
species often requires a disturbance mechanism to aid establishment of new plants. In April
2013, five native forb species were seeded into a restoration dominated by Andropogon gerardii
(big bluestem). Two types of treatments were used in a factorial design: biomass removal by
haying or burning, and application of a grass-specific herbicide. After one growing season,
seedling counts of sown and regionally-native forb species were higher in plots treated with
herbicide. Seedlings of Parthenium integrifolium (wild quinine) were taller in plots treated with
herbicide. Aboveground biomass of A. gerardii was greatly reduced by herbicide, reduced even
further by a second application, and was found to be negatively correlated with the height of P.
integrifolium seedlings. Haying increased seedling counts for regional natives, but otherwise was
no different than burning. Where management options are limited, grass-specific herbicide
application could constitute an effective tool for prairie restorationists interested in increasing
floral diversity.
Keywords: Andropogon gerardii, disturbance, fire, forb, herbicide, tallgrass prairie restoration,
warm-season grass
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I.

Introduction
The tallgrass prairie is one of the most endangered ecosystems in North America,

occupying just 1% of its former range (Howe 1994). Land managers have turned to prairie
restorations as a conservation tool, replanting land with native prairie species (Camil et al. 2004).
However, restorations often fail to match the biodiversity found in remnant prairies (Sluis 2002,
Tix and Charvat 2005) and many appear to be losing diversity as they age (McCain et al. 2010,
Camil et al. 2004).
A problem common to many prairie restorations is excessive dominance of C4 grasses
such as big bluestem (Andropogon gerardii), especially those that exclude grazers and are
burned frequently or exclusively during the dormant season (McCain et al. 2010). Andropogon
gerardii is a tall, warm-season grass which quickly closes off the canopy to smaller plants below
(Williams et al. 2010). In addition to producing seeds, it spreads underground by rhizomes and
outcompetes other desirable species. The reduced light availability and colonization of the
interstitial space are the primary methods by which these grasses limit forb recruitment (Wilsey
2010). These subordinate forbs comprise the majority of the prairie’s species richness, even
though most of the species themselves are infrequent or rare (Maina and Howe 2000). As a
result, percent grass cover is inversely related to species richness (Baer et al. 2004, McCain et al.
2010). Prairie management that reduces the dominance of grasses such as A. gerardii may
increase overall species richness (Howe 1994, Copeland et al. 2002, McCain et al. 2010).
In highly-altered landscapes such as the American Midwest, prairie restorations and
remnants require active human management (Howe 2011). In order to maintain a biodiverse
prairie, land managers often suggest that disturbance regimes (such as mowing, haying, grazing,
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or burning) vary in intensity, frequency, seasonality, and location (Smith et al. 2010). Repetition
of one particular disturbance may be the most convenient, but is not representative of the
evolutionary history of the prairie community. This management will favor one subset of species
most adapted to that disturbance (Howe 1994, Baer et al. 2004, McCain et al. 2010).
Disturbances that are too severe or frequent also may reduce diversity (Howe 1999).
Disturbances regimes known to be effective at maintaining biodiversity may not be suitable for
some restorations (e.g. grazing, growing-season fire). Finding financially and culturally
appropriate disturbance regimes that mimic natural processes is therefore a priority for prairie
restoration.
Tix and Charvat (2005) tested the effects of mowing, haying (mowing plus removal of
litter), and burning in a restored prairie. They measured the treatment effects on the existing
native functional groups, but did not attempt to interseed new species. Litter remaining after
mowing reduced light availability, decreased soil temperatures, and increased fungal pathogens.
Haying was similar to burning in its effects on prairie species composition, while mowing had
similarities to the control plots. Biomass removal methods (haying and burning) were generally
recommended over non-treatment. They concluded that haying may be less damaging than a
spring burn to early-emerging seedlings or heat-sensitive seeds and that haying is slightly less
beneficial to C4 grasses.
Chemical control of warm-season prairie grasses has been little studied. McCain et al.
(2010) used a combination of sheering (once each May) and sponge-applied herbicide (Ornamec,
continuous during the growing season) to manually remove dominant grasses from a restoration.
This temporarily reduced grass dominance and led to higher species richness. However, the
sample size per treatment was low (n=6) and these removal methods may not be practical on a
4

large scale. In an interseeding experiment, Snyder (2008) used glyphosate as a single and
indiscriminant pre-treatment following a spring burn, but it did not produce significant results.
Preliminary data from a recent interseeding pilot study (Tranel 2010) in which a single treatment
of mowing or graminoid herbicide was applied showed a reduction in grass growth by both, and
no indication that herbicide differed from mowing in its effects on seeded forbs. The author
suggested that, similar to other interseeding projects (as in Williams et al. 2007, McCain et al.
2011), more time may be needed to observe treatment differences.
The objective of this study is to determine if haying and/or graminoid herbicide will aid
the interseeding of forb species in a restoration dominated by warm-season grasses. The principal
hypothesis is that these treatments will have no effect on germination or seedling survival during
the first growing season.

II.

Methods
The Upland Prairie Restoration (N40ᵒ27.2’ W85ᵒ0’) is a 10-ha site in Grant County, IN.

The land was previously in agricultural use, first under cultivation and later as pasture. Seed
from approximately 50 species of regional genotypes were sown in 1993, with the mix
dominated by A. gerardii and Sorghastrum nutans (Indian grass) (Rothrock and Squiers 2003).
Spring burns have been conducted annually, with the exception of a fall burn in 2004, followed
by no burn in 2005. Landowner restrictions prevent a seasonal variation in the fire schedule
(Rothrock and Squiers 2003) and grazing also is prohibited due to lack of fencing. The
restoration has attained a stable community structure but remains dominated by A. gerardii. An
ongoing priority at the Upland Prairie Restoration is to reduce the dominance of A. gerardii,
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allowing a competitive release of existing and newly seeded subordinate forb species (Howe
1999, McCain et al. 2010).
The research area is located at the extreme SW corner of Upland Prairie (Fig. 1). Soils at
the site are characterized as Glenwood silty clay with 2-6% slope, severely eroded (Web Soil
Survey). The study site was arranged to have a minimum buffer of ten meters from the prairie
edge. Precipitation at Marion, IN (11 miles NW) during the study period (April – August 2013)
was near long-term monthly averages, except for April (31.3 cm, compared to 9.5 cm average).
An exceptional rain event occurred in mid-April and led to widespread flooding in the region.
This occurred before the interseeding and is not likely to have significantly affected the results.
Monthly mean temperatures during the same time period were within ± 2.0 degrees C of longterm averages (Indiana State Climate Office 2013).
The study site consisted of sixty adjacent 4.0 x 4.0 meter plots, marked in each corner by
1.5 meter metal stakes. Two treatments were applied to each plot in a factorial design: 1)
application of a grass-specific herbicide either once, twice, or never (control), and 2) early spring
biomass removal prior to seeding, either by haying or burning (control). Six unique combinations
of these treatments were distributed randomly across the study site (Fig. 2, Table 1).
Interseeding occurred in all plots on April 26, 2013. A timeline of all events is available in Table
2.
Thirty plots were hayed on April 3. Loose thatch was removed from the study site with a
garden rake. Remaining stubble was clipped with a weed trimmer and raked away. The
remaining thirty plots were burned individually with a handheld torch on April 22. Given the
annual pattern of prescribed fire on the Upland Prairie, burning served as the control to haying.
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No plots were left with any remaining thatch (Fig. 3). By the time of the fire, established
perennial forbs had shown some vegetative growth, whereas A. gerardii remained mostly
dormant.
The post-emergent graminoid herbicide Clethodim (Grass Out Max, containing 25.4% of
the active ingredient) was used for herbicide treatments. Herbicide was mixed using distilled
water and a non-ionic surfactant (Southern Ag, Inc.), in accordance with the manufacturer’s
instructions. The first application was conducted with a backpack sprayer on May 18, when A.
gerardii was approximately 20-30 cm tall. The rate of spray was misjudged, resulting in an
excessive application rate of 311 mL/ha (26.0 oz/acre), instead of the desired 215 mL/ha (18.0
oz/acre). The second application was made on June 22 at a rate of 215 mL/ha, when A. gerardii
ranged from 15-50 cm tall (Tranel 2010).
Seeds of five native species from four plant families were obtained from EarthSource,
Inc. (Ft. Wayne, IN) and Prairie Moon Nursery (Winona, MN) and pre-treated according to
grower recommendations (Table 3). The seed was mixed with equal parts vermiculite and sand
to ensure an even dispersal, then hand-sown on April 26, 2013. Total pure live seed density was
60/ft2 (646/m2). All five species were sown at equal density (12/ft2 each). Only the interior 2.0 x
2.0 m of each plot was sown (Fig. 2). A garden rake was used to incorporate seeds into the soil
with vigorous scratching. Burned plots were noticeably easier to scratch, perhaps because the
ground had remained shaded (and moist) until just four days prior. Hayed plots had been exposed
for twenty days by that time.
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All forb seedlings or flowering stems within the center 1.0m2 of the plot were counted
monthly from June through September (Fig. 2, Table 2). Plants were identified to the species
level and categorized as prairie natives, regional natives, sown species, or non-native weeds.
Visual Obstruction Measurements (VOMs) were taken twice, approximately one month
after each herbicide application (Table 2). Robel et al. (1970) found that such measurements
serve as a reliable proxy for aboveground biomass in grassland settings. A “Robel pole” was
constructed by painting a piece of PVC piping with markings every five centimeters. The lowest
visible half-decimeter mark was recorded at a distance of four meters and a height of one meter
(Fig. 4). Thus, a VOM quantified the response of A. gerardii to herbicide treatments. Two values
were recorded for each plot (facing eastward and northward) and averaged. Values were not
counted when obstruction was due to established forb colonies (often Silphium spp.) instead of A.
gerardii.
The height of each Parthenium integrifolium (wild quinine) seedling (n= 3,235) was
calculated by measuring the length of the longest basal leaf and was recorded during the final
sampling (Sep. 12-14). These counts provided a more complete picture of seedling establishment
than seedling density alone.
Seedling density data were analyzed using a two-way analysis of variance (ANOVA).
Data were checked for normality and equality of variance. Some subsets of data required squareroot transformation to achieve normality (regional natives for the months of July, August, and
September; weeds for the month of June). Other subsets of data failed normality tests, principally
due to having low numerical values at the plot level (regional natives for the month of June;

8

weeds for the month of September). All statistical tests were performed using Minitab software
(version 16).
The VOMs were analyzed using a two-way ANOVA. In the first set of measurements
(June), two outliers were removed to achieve normality (plots #1 and #3). In the second set of
measurements (July), two outliers were removed to achieve normality (plots #1 and #2).
Individual P. integrifolium lengths (n=3,235) were averaged for each plot (n=60) and
analyzed using a two-way ANOVA. The data required a square-root transformation to achieve
normality.
Correlations between VOMs and P. integrifolium lengths were analyzed by general
regression analysis with Minitab 16.
III. Results
Andropogon gerardii exhibited visible damage (discoloration) within six days of
herbicide treatment. Two weeks after the first application, foliage in the treated plots was brown
and stunted, whereas untreated plots continued growing vigorously. Mean VOMs recorded in
June (one month after the initial herbicide treatment) were 5.4 dm for control plots and 1.9 dm
for treated plots (p<0.001; Fig. 5). Mean VOMs in July exhibited strong differences between
control, once-treated, and twice-treated plots (9.1, 4.5, and 1.6 dm, respectively; p<0.001).
Neglibigle flowering of A. gerardii occurred in twice-treated plots and only patchy and
occasional flowering in once-treated plots. No statistically significant difference was found
between A. gerardii height in hayed and burned plots, and there was no statistical interaction
between herbicide and biomass removal treatments.
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Seed germination and establishment was species-dependent (Table 4). Pedicularis
canadensis failed to germinate at all, whereas P. integrifolium comprised 65.8% of the total
sown seedling counts.
Sown species were more dense in herbicide-treated plots than control plots by the end of
the growing season (Fig. 6). Once-treated plots yielded 57% more sown seedlings and twicetreated plots had 77% more (p=0.005), though there was not a significant difference between the
once- and twice-treated plots. Seedling establishment differed by species (Table 5). No
difference was found for Eryngium yuccifolium (rattlesnake master) (p=0.905). Parthenium
integrifolium had 56% more seedlings in twice-treated plots than in control plots (p=0.023),
whereas Baptisia alba (white wild indigo) had 186% more (p<0.001). Rudbeckia hirta (blackeyed Susan) showed the strongest difference and was 25 times more dense in twice-treated plots
than in control plots (p<0.001). There was no statistically significant difference between
establishment of sown species in hayed or burned plots (p=0.800).
By September, regional natives (mostly Solidago spp. and Erigeron annuus) were 3-4
times more dense in herbicide-treated plots than in control plots (p<0.001; Table 5), and 71%
more dense in hayed plots than in burned plots (p=0.008; Table 6). Data for prairie natives
(mostly Silphium spp. and Ratibida pinnata) were highly variable due to large colonies of
established Silphium spp. in a few of the plots. Numbers of weedy species like Taraxacum
officinale and Convolvulus arvensis spiked in July, but were nearly absent by September and
showed no response to either treatment. No interaction was found between herbicide and
biomass removal treatments in regards to forb abundance.
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Parthenium integrifolium seedling heights were greater at each level of herbicide use
(p≤0.001; Fig. 7). In control plots, 94% of seedlings were ≤4 cm, with the tallest just 8 cm. In
contrast, 73% of seedlings in twice-treated plots were ≥5 cm, with the maximum seedling
reaching 27 cm. Seedlings of B. alba and E. yuccifolium growing in untreated plots both
exhibited shade-avoidance syndrome (SAS), growing spindly in search of light as the canopy
closed (Franklin and Whiteham, 2005).
Heights of P. integrifolium were negatively correlated with A. gerardii (p<0.001,
R2=0.53; Fig. 8). That is, P. integrifolium failed to attain a substantial size when under a closed
canopy of A. gerardii (Fig. 9).
IV. Discussion
Reducing excessive dominance of warm-season grasses can increase floral diversity in
restored tallgrass prairies (Howe 1994; McCain et al. 2010). In this study, grass-selective
herbicide was successful in temporarily reducing the above-ground productivity of A. gerardii,
increasing forb density and height in select species. Davros et al. (2013) found that the same
grass-selective herbicide reduced grass height and cover in the first growing season, but did not
result in increased forb abundance by the second growing season after interseeding. Research by
Hitchmough et al. (2008) found that using grass-selective herbicide annually for the first three
years of a new prairie restoration resulted in higher forb richness each year, but higher forb
density and biomass were not observed until the second and third years. The irregular and often
slow establishment of prairie species from seed, in addition to the conditional nature of each
experiment (e.g. weather, seed provenance, and species mix), may be a source of such variable
results. For example, Martin and Wilsey (2006) found that grazing by Bison bison (bison) and
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Cervus elaphus (red deer) did not significantly aid emergence of interseeded forbs, but that it did
have a positive effect in a repeated trial the following year.
The increased height of P. integrifolium in both once- and twice-herbicided plots (Fig. 7)
is consistent with Williams et al. (2007), in which a single year of weekly mowing increased root
and shoot mass of interseeded forbs in the first two growing seasons. Mowing also resulted in
much higher flowering rates in the second season. The authors concluded that increased light
availability was the principal driver of this growth.
Williams et al. (2007) also found seedlings to be increasingly abundant throughout the
growing season in mowed plots. A second year of weekly mowing did not aid forb establishment
in their case, though this may have been a conditional outcome. Our data showed a significant
increase of forb density across all treatments from June to July, with control plots then declining
and herbicide-treated plots remaining unchanged (Fig. 6). A second application of grass-specific
herbicide in June may therefore be needed to extend light availability to seedlings throughout the
first growing season. An additional application during the second year may or may not be
necessary and warrants further research.
Biomass removal treatments occurred prior to interseeding and had little effect on
interseeded species counts. An increase in regionally native species (Solidago spp. and Erigeron
annuus) was observed in hayed plots and may be attributed to the chronology of the treatments
(Table 4). Hayed plots were exposed three weeks before the burn, likely increasing the light
availability and soil temperature. Few flowering Solidago spp. individuals were encountered at
the study site and the prairie appears resistant to its invasion. Several more years of haying
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should be conducted to determine effects of haying on forb establishment, as perennial coolseason forbs may be damaged by spring burns (Tix and Charvat 2005).
Conclusions
Biological diversity and ecological complexity are foundational tenets of conservation
biology (Soulé 1985). Evolutionary history indicates that there is no single model for
management of a tallgrass prairie community (Howe 2011), but land managers can make use of a
range of tools to maintain resilient and diverse biological communities capable of evolving in
response to perturbations such as climate change (Nippert et al. 2006). Management that utilizes
spatially and temporally heterogeneous disturbance is most likely to sustain such communities
(Huston 1979).
Increasing floral diversity in tallgrass prairies is likely to result in a correspondingly rich
faunal community (Pywell et al. 2011). A diverse seed mix is one of the most important
determinants in creating a species-rich restoration (Grman et al. 2013) and natural colonization
of target native species from distant and fragmented remnants is often limited. Therefore,
interseeding may be necessary to increase and maintain native biological diversity over time.
This should include forbs that are effective at competing with dominant species (Pywell et al.
2004) and be accompanied by disturbance where appropriate (Howe 1999). Areas at risk of
colonization by exotic invasive species warrant close monitoring and may require a trial before
proceeding with extensive disturbance. Application of grass-selective herbicide may be
appropriate to pair with interseeding efforts. It increases seedling survival and growth without
disrupting the soil or removing established native vegetation.
Implications for practice:
13

*Although a spring burn reduces thatch and increases light availability, burning alone may not be
sufficient for successful forb interseeding.
*In grass-dominated prairie restorations, one or more applications of a grass-selective herbicide
may assist forb interseeding efforts.
*Apply interseeding efforts across ecological gradients (e.g. slope, moisture, soil type) and over
multiple growing seasons due to highly variable abiotic and biotic conditions during the
establishment phase.
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Figure 1: Study site within the 10 ha Upland Prairie Restoration. Southeast Grant County,
Indiana. 40.452° N, 85.493° W.
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N

Area with biomass removed and
herbicide applied

Interseeded area

<- 4 m ->

<- 2 m ->

<- 1 m ->

Sampled area
Figure 2: Plot layout and detail. Shaded plots were burned and unshaded plots were hayed. Additionally,
plots received either zero (control), one, or two applications of herbicide. For example:

denotes a hayed plot that received one application of herbicide.

denotes a burned plot that received two applications of herbicide.
19

Table 1: Number of plots receiving each unique
combination of treatments. The unbalanced
design is a result of error during herbicide
application.
Biomass
Removal
Hay
Hay
Hay
Burn
Burn
Burn

Herbicide
Applications
0
1
2
0
1
2
Total plots:

Plots
9
10
11
10
10
10
60
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Table 2: Timeline of events.
Month
April

May
June

July
August
September

Day
3
22
26
18
1
22
4
20
9
12

Event
plots hayed
plots burned
seeds sown
herbicide #1
sampling #1
herbicide #2,
VOM #1
sampling #2
VOM #2
sampling #3
sampling #4
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Figure 3: Prescribed burn of the Upland Prairie on April 22, 2013. Note the patchwork
arrangement of the 4.0 x 4.0 meter burned or hayed plots. Plots were sown with forb seeds four
days later.
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Table 3: Forb species sown April 26, 2013. C-values (Coefficients of Conservatism) taken from the
Indiana Floristic Quality Assessment (FQA) database (Rothrock 2004).Each species was sown at a
density of 129 viable seeds/m² (12/ft²).
% pure
Scientific Name
Family
Common Name
C-value Seeds/g live seed
(PLS)
2
Rudbeckia hirta L.
Asteraceae
Black Eyed Susan
3802
84
Parthenium integrifolium
9
L.
Asteraceae
Wild Quinine
333
71
White Wild
6
Baptisia alba (L.) Vent.
Fabaceae
Indigo
68
81
Pedicularis canadensis L. Scrophulariaceae Wood Betony,
6
1487
71
Canadian
Lousewort
Eryngium yuccifolium
Apiaceae
Rattlesnake
10
232
86
Michx.
Master, Button
Eryngo
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Figure 4: Using a modified Robel pole as a proxy for aboveground biomass.
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Visual Obstruction
Measurements (VOMs)
10

A. gerardii height (dm)

9
8
7
6

No herb

5

1x herb

4
3

2x herb

2
1
0

June

July

Figure 5: Visual obstruction measurements by month and herbicide treatment. Differences
between all treatments were significant at p<0.001. Two outliers were removed from each of the
readings. For June, “No herb” plots were n=19, and “1x herb” plots were n=41. Twenty-one of
these 41 plots then received a second round of herbicide (“2x herb”), which again stunted their
growth by the following month.
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Table 4: Number of forb seedlings or stems,
September. Totaled from sixty 1.0 m² plots.
#

Species or type

% of total

0
144
286
320
3231

Pedicularis canadensis
Eryngium yuccifolium
Rudbeckia hirta
Baptisia alba
Parthenium integrifolium

0.0%
2.9%
5.8%
6.5%
65.8%

62
371
495
4909

Weeds
Regional Natives
Prairie Natives
Total

1.3%
7.6%
10.1%
100.0%
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All sown seedlings per 1.0 m2
100

A A A

B

90

B

AB

80
70

A

A
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A A A
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30
20
10
0
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Aug
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Figure 6: Average seedling counts of all sown species by herbicide treatment, per 1.0 m² plot.
Letters mark Tukey's Honestly Significant Difference test results. Within each month, means
with the same letters are not significantly different. Error bars are Standard Error.
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Table 5: Mean seedlings per 1.0 m² by herbicide treatment and month. Letters mark Tukey's
Honestly Significant Difference test results. Means with the same letters are not significantly
different. Standard Error is presented as a range, ±1 SE.
June
July
August
September
All Sown Species
Control

37.3 (31.7-42.9)

A

72.2 (65-79.4)

A

54.6 (49.6-59.6)

A

45.5 (41.3-49.8)

A

1x Herb

33.9 (27.4-40.3)

A

83.5 (74.5-92.5)

A

74.0 (64.9-83.0)

AB

71.4 (62.4-80.4)

B

2x Herb

32.3 (27.1-37.6)

A

84.5 (77.6-91.4)

A

80.8 (73.7-88.0)

B

80.4 (73.0-87.8)

B

p-value

0.618

0.454

0.026

0.005

B. alba
Control

2.2 (1.8-2.6)

A

1x Herb

7.3 (6.1-8.5)

B

2x Herb

6.3 (5.3-7.3)

B
<0.001a

p-value
E. yuccifolium
Control

2.0 (1.5-2.5)

A

1x Herb

2.8 (2.0-3.6)

A

2x Herb

2.4 (1.8-3.0)

A
0.905 a

p-value
P. integrifolium
Control

41.0 (37.2-44.8)

A

1x Herb

55.6 (48.7-62.5)

AB

2x Herb

63.9 (58.2-69.6)

B

p-value

0.018

R. hirta
Control

0.3 (0.2-0.4)

A

1x Herb

5.9 (4.8-7.0)

B

2x Herb

7.8 (6.4-9.2)

B
<0.001 a

p-value
Regional Natives
Control

2.3 (1.6-2.9)

A

1x Herb

7.2 (6.3-8.0)

B

2x Herb

8.8 (7.3-10.3)

B
<0.001 a

p-value
a

Non-normal data were square-root transformed for analysis and back-transformed for presentation
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Table 6: Mean seedlings by biomass removal treatment and month. Letters mark Tukey's
Honestly Significant Difference test results. Means with the same letters are not significantly
different. Standard Error is presented as a range, ±1 SE.
June
July
August
September
All Sown Species
Control (Burn)

40.9 (35.6-46.2)

A

82.8 (76.4-89.2)

A

71.9 (65.7-78.1)

A

66.7 (60.0-73.4)

A

Hay

27.9 (24.3-31.5)

B

77.7 (71.3-84.1)

A

68.5 (62.2-74.8)

A

66.0 (59.7-72.3)

A

p-value

0.512

0.024

0.588

0.800

Regional Natives
Control (Burn)

0.9 (0.3-1.5)

†

4.4 (3.5-5.3)

A

3.7 (3.0-4.3)

A

4.6 (3.9-5.3)

A

Hay

0.2 (0.1-0.3)

†

5.6 (4.6-6.6)

A

6.9 (5.7-8.1)

B

7.8 (6.6-9.0)

B

p-value

0.315

a

0.029

a

0.008 a

† Statistically valid comparison unavailable due to counts being very low and/or not normally distributed and
unable to be transformed
a

Non-normal data were square-root transformed for analysis and back-transformed for presentation
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Parthenium integrifolium
avg. height (cm)
9
8
7
6
5
4
3
2
1
0
No herb
2.9 (± 0.6)

1x herb
4.5 (±1.0)

2x herb
6.6 (±1.6)

Figure 7: Average length of Parthenium integrifolium seedlings (±SE) by September.
Differences are significant between each level of treatment (p≤0.001). Individual lengths
(n=3,235) were averaged to the plot level (n=60) for statistical analysis. Data were square-root
transformed for analysis and back-transformed for presentation.
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P. integrifolium height (cm)

Height of P. integrifolium vs. A. gerardii
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No herb
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Figure 8: Linear regression of P. integrifolium height vs. Visual Obstruction Measurement
(VOM) of A. gerardii. p<0.001, R² = 0.5324. One outlier was removed; it had a VOM of 1.5 dm
and an average P. integrifolium height of 14.9 cm.
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Figure 9: This composite photo from September contrasts small P. integrifolium seedlings in an
unsprayed plot (above) with those in a twice-sprayed plot (below). The pencil shown for scale is
18 cm long. Note the sown R. hirta seedling beginning to flower in the sprayed plot (see arrow).
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